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MICRO PARTICLES COMPRISING CARBOHYDRATE BEADS COVALENTLY LINKED WITH ALLERGEN 



The present invention relates to the field of immunotherapy and in particular to the treatment 
of patients suffering from allergic reactions against allergens, in particular allergens derived 
from plant pollen. 

Allergen-specific immunotherapy which is mostly conducted by injecting allergen extracts 
into allergic patients was introduced many years ago. The occurrence of severe anaphylactic 
side effects caused by the injection of aqueous allergen extracts and the necessity to 
administer a great number of injections over long periods prompted the development of safe 
and efficacious allergen formulations. More than 60 years ago aluminium hydroxide- 
adsorbed allergen extracts were introduced for depot vaccination, shov^ang improved 
immune stimulatory as well as reduced anaphylactic properties. Even today, aluminium 
hydroxide is by far the most common adjuvant used for injection immunotherapy. 

Allergen-specific immunotherapy is one of the few known causative treatments of IgE- 
mediated allergy and numerous clinical studies document its clinical efficacy. Common 
clinical practise includes the subcutaneous injection of allergen extracts adsorbed to 
aluminium hydroxide with gradually increasing doses to a maintenance level and treatment 
periods up to 5 years or more. Aluminium hydroxide is preferred to other adjuvants (e.g., oil 
emulsions, liposome formulations) for injection immunotherapy of humans because it 
induces comparable little tissue reactions. Nevertheless aluminium hydroxide can cause local 
gramuloma formation at the injection sites. Other major disadvantages of aluminium 
hydroxide are the unpredictable efficacy of adsorption of certain allergens/allergen extracts. 
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the unpredictable stability of the adsorbents, the possibility that allergens are altered in the 
course of the adsorption process and the difficulties in assessing quality and quantity of 
allergens once that they are adsorbed to aluminium hydroxide. 

It is an object of the present invention to provide improved fonns of antigens which can be 
used in particular for the treatment of patients suffering from allergic reactions. 

The present invention discloses 
Microparticles comprising 

a) a bead essentially consisting of a carbohydrate and 

b) an allergen which is covalently bound to the bead. 

The carbohydrate bead consists essentially of a threedimensionally linked Polymer which 
may be a polyarylamide, a vinyl polymer, a dextran or preferably agarose. Mixtures of the 
polymers can also be used. The carbohydrate-based particle consists of suitable polymer 
carbohydrates, preferably agarose which is linked in three dimensions. Suitable beads are 
commercially available, for example under the trademark Sepharose. The beads are small 
particles consisting of a gel-like carbohydrate which forms the support for the antigen. The 
microparticle consists of a carbohydrate-based bead which is covalently linked with an 
antigen at high density without dramatic alteration of its immunological properties. 

The microparticles according to the present invention have a certain particle size which 
ranges from 0.1 jim to 10 |mi and preferably from 0.5 \im to 5 \xm. The size of the 
microparticles is essential. The size distribution means that the largest percentage, usually at 
least 80% of all beads are within the given range. Of course there are some beads outside this 
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range since the diameter is distributed statistically. By applying special technique it is, 
however, possible to make sure that more than 99% of the beads are within the given range. 

The microparticles of the present invention contain at least one antigen which is covalently 
linked to the carbohydrate bead. The antigen is a compound against which the immune- 
system of the animal or the human being to be immunized forms antibodies. The antigen 
may be any structure which forms an epitope. The antigen may be a polypeptide, a 
carbohydrate like for example glycosyl residues attached to a polypeptide or nucleic acids. In 
a preferred embodiment the antigen is an allergen which is derived from plant pollen. The 
surface structures of the plant pollen are the causative agents of allergic reactions. In 
preferred embodiments of the present invention the allergens are structures derived from 
grass pollen. In an especially preferred embodiment of the present invention the allergen is 
derived from timothy grass pollen. 

The coupling of the carbohydrate-based beads to the antigen is based on the principle of 
forming a covalent bond between the carbohydrate backbone of the bead and a reactive 
group of the antigen. The covalent bond may be formed for example by a cyano bromide 
activation resulting in stable formation of amid bonds which can be applied for most proteins 
and peptides with high efficacy. Alternative binding methods which are well known in the art 
can be also used depending on the antigen to be bound to the bead. 

In the experiments of the present application the antigen to be tested was purified 
recombinant Phlp 5b, a major timothy grass pollen allergen which was coupled to 
carbohydrate-based particles (CBP). In the examples the same antigen was only mixed with 
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CBP (as comparative test) and in another comparative test the antigen was absorbed to 
aluminium hydroxide. 

In the examples the Phlp 5b formulations were used to immunize mice and the levels, 
kinetics and profiles of antibody responses were analyzed. 

In another set of experiments cytokine production in mouse spleen-cell-cultures was 
investigated and the injection sites were further analyzed by histopathology. The CBP-rPhl p 
5b induced mouse antibodies v^ere also tested for cross-reactivity to natural group 5 allergens 
from various grasses and their ability to inhibit the IgE-binding of grass pollen allergic 
patients to the allergen was studied. 

It has been found that the microparticles of the present invention elicited comparable 
immune responses but less granulomatous tissue reactions than aluminium hydroxide. 
Therefore the microparticles do have less side-effects. Furthermore the antibodies induced by 
the microparticles of the present invention blocked allergic patients IgE-binding to rPhl p 5b 
which shows that the microparticles can be used successftilly for the treatment of allergic 
patients. 

The present invention discloses also a medicament for the treatment of the immune system 
which comprises microparticles according to the present invention. Such a medicament can 
be administered nasally, rectally or preferably parenterally. The microparticles can be 
included in suitable pharmaceutical formulations like solutions for injection, rectal foams or 
nasal sprays. It is also possible to prepare suitable ointments or plasters. The present 
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invention provides also a diagnostic test system for the measurement of released cell 
mediators which comprises microparticles according to the present invention. One system is 
described in detail in example 2 and method 6. 

The results of the . present experiments show that the microparticles may represent a useful 
support and adjuvant for allergen-specific immunotherapy yielding comparable immune 
responses as aluminium hydroxide. The experiments show that purified rPhl p 5b allergen 
which is covalently bound to the carbohydrate-based bead induced strong IgGl, IgG2a/b and 
IgG3 antibody responses in mice. Those antibodies cross-reacted with natural group 5 
allergens from all 5 grass species containing group 5 allergens and perhaps more important 
competed with the binding of grass pollen allergic patients IgE-antibodies to Phi p 5b. This 
finding suggests that the antibodies induced by the microparticles have the desirable features 
of blocking antibodies. Such blocking antibodies which are induced in the course of 
immunotherapy have beneficial effects as they can inhibit the allergen induced effect of cell 
activation and the IgE mediated presentation of allergens to T-cells. 

The microparticles of the present invention offer several advantages compared to 
alternatively usable forms of immunotherapy like, for example, the use of aluminium 
hydroxide. 

Since the coupling of the antigen to the beads uses well described and reproducible 
procedures, it is exactly predictable which amount of antigen is loaded on the beads. 
Therefore the beads are covered with the antigen in high density, with a high yield and in a 
reproducible amoimt. 
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Another advantage can be seen in the fact that the antigens which are covalently conjugated 
to the beads are presented in a very efficient way by antigen presenting cells to the involved 
cells of the immunosystem. It can be concluded from the experiments which show that the 
cytokine response is much more vigorous in the group treated with microparticles of the 
present invention compared to the control group wherein the antigen was absorbed to 
aluminium that the cellular immune response is stimulated. 

Another advantage is that the carbohydrate-based beads, m particular sepharose are highly 
bio-compatible. Therefore the vaccination formulations can be administered via different 
routes whereby the parenteral route is preferred. It is, however, also possible to administer 
the medicaments of the present invention by the oral, nasal, rectal or intra-venous 
administration. The subcutanous or intra-muscular application is, however, preferred. 

The following experiments show that the present microparticles are well tolerated when 
exposed to a variety of cell types in tissue culture and as column matrix in clinical ex-vivo 
treatments. This is in particular supported by the experiments which show that the 
immunisation of mice with the microparticles of the present invention induced less 
granulomatous reactions than the use of aluminium hydroxide under comparable treatment. 

I) METHODS 
1) Patient sera 

Nine patients with a documented clinical history of allergy to timothy grass pollen, sensitised 
to rPhl p 5b and a timothy grass pollen RAST class value of 2 or higher were included in die 
study together with control sera. 
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2) Recombinant allergen 

cDNA coding for the major allergen rPhl p 5b was obtained by PGR according to the 
published rPhl p 5b sequence [Bufe et al. "Major allergen Phi p 5b in timothy grass is novel 
pollen Rnase". FEBS Lett 1995;363:6-12.]. The Phi p 5b cDNA was subcloned into pET 17b 
(Novagen, Madison, WI) expressed, in E coli BL-21 (DE3) and purified to homogeneity as 
described [Vrtala et al. "Immunologic characterization of purified recombinant timothy grass 
pollen (Phleum pratense) allergens (Phi p 1, Phi p 2, Phi p 5)". J Allergy Clin Immunol 
1996;97:781-7.]. 

3) Preparation of conjugates and adsorbates 

Cyanogen bromide-activated spherical Sepharose particles (CBP), i.e. beaded agarose, with a 
mean diameter of 2.1 micrometer were provided by Pharmacia Diagnostics, Uppsala, 
Sweden. The beads were cyanogen bromide activated as described in the prior art [Axen et 
al. "Chemical coupling of peptides and proteins to polysaccharides by means of cyano 
halides". Namre 1967;214;1302-1304.]. Prior to conjugation 4 mg of lyophilized rPhl p 5b 
was dissolved in 8 ml 0.1 M carbonate-buffer pH 8.0 and added to 110 mg of activated 
particles in 2.0 ml 0.1 M carbonate-buffer pH 8.0. The allergen was conjugated to the 
particles by end-over-end mixing for Ih at room temperature. CBP-rPhlp 5b were 
centrifuged at 1000 x g for 5 min. Coupling efFiciency was estimated to be >95% by 
measuring protein concentration by UV absorbance at 280 nm in supematants before and 
after conjugation. Remaining active groups were blocked by resuspending the particles in 5 
volumes of 0.1 M glycine pH 8.5 and incubated by end-over-end mixing for 1 hour. The gel 
was further washed by altematively with 0.1 M sodium acetate, 1.0 M NaCl pH 4.0 and 0.1 
M Tris, 1.0 M NaCl pH 8.0, 5 volumes each. Finally the CBP-rPhl p 5b was transferred to 
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50mM phosphate buffer, 0.15 M NaCl, lOmM EDTA 0.02% NaNa, 0.05% Tween 20 pH 7.5 
and stored at +4°C until use. Stability of the covalent link between rPhl p 5b and CBP was 
confirmed after three months of storage at +4°C by analysis of rPhl p5b in the supernatant. 
Aluminium hydroxide (Alum) adsorbates were prepared for comparative examples freshly 
prior to injection as described [Vrtala et al. "T cell epitope-containing hypoallergenic 
recombinant fragments of the major birch pollen allergen. Bet v 1, induce blocking 
antibodies". J Immunol 2000;165:6653-9.]. Briefly, aluminium hydroxide, AluGel-S (Serva, 
Heidelberg; Germany) was diluted 1:1 in PBS and mixed with rPhl p 5b to yield 5 /xg per 
lOOjalgel. 

4) Immunisation of mice 

Three groups, each consisting of five female 6-8 weeks old BALB/c mice (Charles River, 
Kislegg, Germany) were immunised with covalently bound CBP-rPhl p 5b (Group I), rPhI p 
5b-Alum (Group II) as control and as a second control, rPhl p5b was mixed with CBP (group 
III). 

The groups, treatment and time of immunisation are given in the following table I: 
TABLE I. Groups of immunized mice 

Group Treatment Days of immunization Day of sacrification 

Group I CBP-rPhl p 5b 0,28,63,121 128 

Group II AIum-rPhlp5b 0,28,63,121 128 
Group III CBP+rPhlp5b 0,28,63, 121 128 
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The mice were immunised subcutaneously in the neck with 5 ^ig of rPhl p 5b in 100 of 
suspensions, from each of the three preparations. Immunisations were given and blood was 
taken on days 0, 28 and 63. On day 121 a booster injection was given and 7 days later the 
animals were sacrificed and spleen cells were prepared for cytokine mesisurements. The 
animals were kept in the animal care unit of the Department of Pathophysiology of the 
University of Vienna according to the local guidelines for animal care. 

5) ELISA detection of allergen-specific antibodies 

All 15 mice were bleed and antibodies IgGl, 2a^, 3 and IgE specific to rPhl p 5b were 
analyzed individually in ELISA as described by [Vrtala et al. "Immunization with purified 
natural and recombinant allergens induces mouse IgGl antibodies that recognize similar 
epitopes as human IgE, inhibit the human IgE-allergen interaction and allergen-induced 
basophil degranulation". J Immunol 1998;160;6137-40.]. Ninety-six well micro titre plates 
(Nunc, Roskilde, Denmark) were coated with 100 jul, 5 |ag /ml rPhl p 5b in PBS over night at 
+4^C. The plates were washed 2 times with 0.05% Tween 20 in PBS (WB). To reduce 
unspecific binding, 200 yl WB-1% BSA was added for 2.5 h at room temperature. One 
hundred |al mouse semm diluted in WB-0.5% BSA, 1:1000 for IgGl, 1:100 for IgG2a/b and 
3 and 1:20 for IgE respectively, was added per well and incubated over night at H-4^C, 
followed by washing 5 x.250 fil with WB. One hundred jil rat anti-mouse IgGl, 2a/b, 3 and 
IgE (PharMingen, San Diego, CA) respectively, diluted 1:1000 in WB-0.5% BSA were 
incubated over night at +4^C followed by washing. One hundred p.1 horseradish peroxidase 
labeled sheep anti^rat IgG diluted 1:1000 in WB-0.5% BSA, was incubated 2h in room 
temperature followed by washing 5 x 250 ^il with WB. ABTS (Sigma St Louis) was used as 
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substrate and the colour reaction was read at 405 nm with a Dynatech microplate reader 
(Denkendorf, Germany). 

Group 5 allergens in different grass pollen were detected by ELISA. Pollen allergen extracts 
in PBS from Phleum pratense, Loleum perenne. Poa pratensis, Anthoxantum odoratum. 
Triticum sativum, Avena saliva. Cynodon dactylon, Zea mays and Pharagmistes aritralis 
(Allergen AB, Valinge, Sweden) were coated to 96-weil ELISA plates (Nunc). After 
blocking and washing, plate-bound extract were exposed to a mouse serum pool from group I 
diluted 1:100 in PBS, 0.5% BSA and 0.05% Tween 20. For control purposes, a 
corresponding pre-immune serum pool was used. Bound IgG antibodies were detected with 
horseradish peroxidase-Iabeled sheep, anti-mouse IgG antiserum (Amersham, 
Buckinghamshire, UK) diluted 1:1000 in 0.05% Tween 20-PBS. 

6) Measurement of cytokine production in spleen cell cultures 

For determination of IL-4, IL-5 and IFN-y production, spleen cell suspensions from 
immunized mice were cultured in 48-well plates (Costar, Cambridge, MA) with and without 
timothy grass pollen extract (25 ng/well) at a concentration of 5 x 10*^ /well. Supematants 
were taken 24 hours for IL-4 and IL-5 and 48 hours for IFN-y after antigen stimulation and 
stored at -20''C until analysis. Levels of IL-4 and IL-5 were measured by ELISA (Endogen, 
Cambridge; Mass). The sensitivity of the tests were < 5 pg/ml. IFN-y levels were measured 
in 96-well plates (Nunc, Maxisorp) coated with rat anti-mouse IFN-y (Endogen, Wobum, 
MA) at a concentration of 0.5 ^ig/ml carbonate buffer pH 9.6 for 6 hours at room 
temperature. Thereafter biotin labeled rat anti-mouse IFN-y antibodies (Endogen) were 
applied at a concentration of 0.1 ng/ml, followed by peroxidase-conjugated streptavidin 
(1:10 000 in PBS/4% BSA; Endogen) for 30 min. For colour development TBM substrate 
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(Chemicon, Temecula, CA) was used and the absorbance was measured at 450 lun. The 
sensitivity of the assay was < 15 pg/ml. Results reflect the measured cytokine levels in pg/ml 
after subtraction of baseline levels of non-stimulated cultures. 

7) Histopathological analysis of skia sections 

Skin was excised from the injection areas (1.5 cm^), cut into 4 mm thick strips, fixed with 
7.5% formalin, pH 7.5, and embedded in paraffin. Five |xm sections, were stained with 
hematoxylin-eosin or Giemsa. 

8) ELISA competition assay 

ELISA plates were coupled with rPhl p 5b (0. 1 ^g/well), blocked and washed as described for 
the ELISA assay above. Plates were exposed first to pooled sera of mice immunized either 
with CBP-rPhI p 5b (group I) or Alum-rPhl p 5b (group II) or, for control purposes, with the 
corresponding pre-immune serum pools diluted 1:100 over night at 4°C. After washing, the 
plates were incubated with sera from grass pollen allergic patients diluted 1:5. Bound human 
antibodies were detected with an alkaline-phosphatase conjugated mouse monoclonal 
antibody (PharMingen). The inhibition of allergic patients' IgE binding to rPh p 5b by the 
mouse immune sera was calculated using the formula 100 - (OD second bleeding /OD pre- 
immune serum) x 100. 

9) Statistical analysis 

The non-parametric test Kruskal-Wallis ANOVA was used for evaluation of allergen specific 
antibody responses and group 5 allergen cross-reactivity between grass-species. Mann- 
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Whitney U test was used for evaluation of mouse serum blocking of human IgE binding. P 
<0.05 was considered statistically significant. 

Example 1 

CBP-bound rPhl p 5b induces strong allergen-specific antibody responses 

In order to compare levels and kinetics of rPhl p 5-specific antibody responses sera from all 
groups of mice and bleedings were analyzed separately for IgE and each IgG subclass on one 
ELISA plate. All three groups showed an increase of rPhl p 5b-specific antibody responses in 
the course of the immunizations, which peaked after the second immunization. The results of 
example 1 are shown in Figure 1. FIGURE 1 shows IgE and IgG subclass responses of mice 
to ELISA plate-bound rPhl p 5b. The optical density values (OD 405 nm) displayed on the y- 
axis correspond to the levels of Phi p 5b-specific IgE, IgG,, IgG2, and IgGs antibodies in the 
sera of the three mouse groups (Group I: CBP-rPhl p 5; Group II: Alum-rPhl p 5; Group III: 
CBP+rPhl p 5). In Group III r Phi b5b was only mixed with CBP. Results are displayed for 
preimmune sera (P), the first (1) and second (2) bleeding as box plots where 50% of the 
values are within the boxes and non-outliers between the bars. Filled squares denote median 
values, open circules outliers and stars extremes of each group, respectively. 

Mice having received co-administered rPhl p 5b and CBP without covalent coupling (group 
III) showed significantly lower antibody levels after the first immunization than mice 
receiving CBP- or Alum-bound allergen. Both, the levels and patterns, of rPhl p 5b-specific 
antibody responses were similar in mice treated with CBP-rPhl p 5b, (group I) and Alum- 
rPhl p 5b, (group II) showing specific IgE antibody production but also specific IgGa and 
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IgGa-responses. The kinetics and magnitudes of rPhI p 5b-specific IgGj responses were 
similar in groups I and II. 

Example 2 

Mice immunized with CBP-bound rPhI p 5b show strong cytokine responses to timothy 
grass pollen extract 

The profile of IFN- y, IL-5 and IL-4 secreted by spleen cells from mice of the three 
immunization groups cultivated in the presence of natural timothy grass pollen extract was 
similar in all three groups. FIGURE 2 shows In vitro cytokine production in spleen ceil 
cultures. IFN- y, IL-5 and IL-4 levels were measured in supematants of antigen stimulated 
spleen cells of mice which were immunized with CBP- rPhl p 5b - group I (black bars), 
Alum-rPhl p 5b -group II (white bars) or with CBP + rPhl p 5 -group III (hatched bars). The 
bars indicate the mean of 5 individual values, the enror bars the standard error of the mean. 
Mann Whitney U-Test, * p< 0.05; * * * p< 0.00 1 . 

From the data it can be concluded that spleen cells from mice which had received CBP- 
conjugated rPhl p 5b mounted significantly stronger cytokine production (IFN- y, IL-5) than 
spleen cells from mice treated with Alum-adsorbed rPhl p 5b. The lowest release of 
cytokines was found in spleen cells cultures from mice which had received a co- 
administration of rPhl p 5b and CBP. 

Example 3 

CBP-bound rPhl p 5b induces less granulomatous tissue reaction than Alum-adsorbed 
allergen 

In order to analyse the tissue-reactions at the injection sites, skin sections were taken from 
the mice of group I and group II and processed for histological examination. R^resentative 
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skin sections of CBP-rPhl p 5b and Alum-rPhI p 5b immunized mice were further examined. 
Injections sites from CBP-rPhl p 5 and Alum-rPW p 5 immunized mice were 
histopathologically analyzed. 

In mice receiving Alum, an overall more pronounced inflammatory reaction and additional 
granulomatosus responses could be seen with predominantly foam cells at the outer rim and 
granular debris in the center of the granuloma. The inflammatory tissue reactions of CBP- 
rPhl p 5b immunized mice tended to be smaller and contained less granular debris than those 
of the Alum-treated mice. Close ups of tissue sections of mice inmiunized with CBP- and 
Alum-bound rPhl p 5b were further analyzed. They contained a mixed cellular inflammatory 
infiltrate, including macrophages and lymphocytes with occasional mast cells and 
eosinophils at injection sites in the deep dermis, in part with granulomatous changes. 

Example 4 

Mice immunized with CBP-bound rPhI p 5b exhibit IgG cross-reactivity with natural 
pollen extracts from grasses containing group 5 allergens 

To study whether immunization with CBP induces IgG antibodies which cross-react with 
group 5 allergens from pollen of other grass species, ELISA experiments were performed 
with a pre-immune serum pool and a serum pool containing sera from the second bleeding. 
The results are shown in Figure 3. FIGURE 3 demonstrates cross-reactivity of IgG 
antibodies from CBP-rPhl p 5-immunized mice with natural group 5 allergens from 9 grass 
species. Optical density values (OD 405 nm) corresponding to the serum IgG antibody levels 
to pollen extracts from 9 grass species (y-axis). Phleum pratense, Lolium perenne, Poa 
prateme, Anthoxantum odoratum, Triticum sativum, Avena sativa, Cynodon dactylon, Zea 
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mays, Phragmites antralis) are displayed for a serum pool collected before (P) the 
immunizations and during the second bleeding (2) at the x-axis. 

rPhl p 5b -specific IgG antibodies reacted with natural group 5 allergens from timothy grass 
{Phleinn pratense) and from five grass species {JLolium perenne, Poa prateme, 
Anthoxanthum odoratum, Triticum sativum, Avena sativa). The highest levels were recorded 
to Poa pratense. No IgG reactivity to pollen extracts from grasses (Cyriodon dactylon. Zea 
mays, Phragmites antralis) lacking group 5-related allergens was found. The pre-immune 
serum pool showed no significant IgG reactivity to any of the nine grass pollen extracts. 

Example S 

Sera from mice immunized with CBP-bound rPhI p 5b inhibit the binding of allergic 
patients' IgE to the allergen 

Whether sera from mice immunized with CBP-rPhl p 5b or Alum-rPhl p 5b can inhibit the 
binding of grass pollen allergic patients' IgE to rPhl p 5b was studied by ELISA competition 
experiments. Microtitre-bound rPhl p 5b was pre-incubated with a serum pool taken on day 
63 obtained from mice immunized with CBP-rPhl p 5b or Alum-rPhl p 5b and, for control 
purpose, with a corresponding pool of pre-immune sera and then exposed to serum IgE from 
nine grass pollen allergic patients. 

The results are shown in Figure 4. Figure 4 shows the inhibition of grass pollen allergic 
patients' IgE binding to rPhl p 5b by murine sera. ELISA plate-bound rPhl p 5b was 
preincubated with a serum pool from CBP-rPhl p 5- (Group I) or from Alum-rPhl p 5b- 
(Group 11) immunized mice. The percentage inhibition of IgE binding determined for sera 
from nine grass pollen allergic patients is displayed on the y-axis. Boxes and horizontal bars 
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denote 50% of the values and non-outlier range, respectively. Mean values are indicated and 
open circles denote outliers. 

Sera from group I mice immunized with CBP-rPhl p 5b, inhibited allergic patients (n=9) IgE 
binding to rPhl p 5b from 37 to 80% (mean 59.%) whereas an inhibition between 51 to 90% 
(mean 67.9%) was observed with sera from group II (Alum-rPhl p 5b). Although the 
inhibition of IgE binding obtained with the sera from mice treated with Alum-bound-rPhl p 
5b was somewhat higher than that obtained with sera from mice of group I, no significant 
difference between group I and group II in terms of blocking capacity was observed (p=0.31, 
Mann- Whitney U test). 



